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Abstract

Target population Adult patients (older than 18 years of
age) with newly diagnosed World Health Organization
(WHO) Grade II gliomas (Oligodendroglioma, astrocy-
toma, mixed oligoastrocytoma).

Question s there a role for chemotherapy as adjuvant
therapy of choice in treatment of patients with newly
diagnosed low-grade gliomas?

Recommendations Level III Chemotherapy is recom-
mended as a treatment option to postpone the use of
radiotherapy, to slow tumor growth and to improve pro-
gression free survival (PFS), overall survival (OS) and
clinical symptoms in adult patients with newly diagnosed
LGG.

Question Who are the patients with newly diagnosed
LGG that would benefit the most from chemotherapy?

Recommendation Level III Chemotherapy is recom-
mended as an optional component alone or in combination
with radiation as the initial adjuvant therapy for all patients
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who cannot undergo gross total resection (GTR) of a newly
diagnosed LGG. Patient with residual tumor >1 cm on
post-operative MRI, presenting diameter of >4 cm or older
than 40 years of age should be considered for adjuvant
therapy as well.

Question Are there tumor markers that can predict which
patients can benefit the most from initial treatment with
chemotherapy?

Recommendation Level III The addition of chemother-
apy to standard RT is recommended in LGG patients that
carry IDH mutation. In addition, temozolomide (TMZ) is
recommended as a treatment option to slow tumor growth in
patients who harbor the 1p/19q co-deletion.

Question How soon should the chemotherapy be started
once the diagnosis of LGG is confirmed?
Recommendation There is insufficient evidence to make
a definitive recommendation on the timing of starting
chemotherapy after surgical/pathological diagnosis of LGG
has been made. However, using the 12 weeks mark as the
latest timeframe to start adjuvant chemotherapy is sug-
gested. It is recommended that patients be enrolled in
properly designed clinical trials to assess the timing of
chemotherapy initiation once diagnosis is confirmed for
this target population.

Question What chemotherapeutic agents should be used
for treatment of newly diagnosed LGG?
Recommendation There is insufficient evidence to make
a recommendation of one particular regimen. Enrollment
of subjects in properly designed trials comparing the effi-
cacy of these or other agents is recommended so as to
determine which of these regimens is superior.

Question What is the optimal duration and dosing of
chemotherapy as initial treatment for LGG?
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Recommendation Insufficient evidence exists regarding
the duration of any specific cytotoxic drug regimen for
treatment of newly diagnosed LGG. Enrollment of subjects
in properly designed clinical investigations assessing the
optimal duration of this therapy is recommended.

Question Should chemotherapy be given alone or in
conjunction with RT as initial therapy for LGG?
Recommendation Insufficient evidence exists to make
recommendations in this regard. Hence, enrollment of
patients in properly designed clinical trials assessing the
difference between chemotherapy alone, RT alone or a
combination of them is recommended.

Question Should chemotherapy be given in addition to
other type of adjuvant therapy to patients with newly
diagnosed LGG?

Recommendation Level II: It is recommended that
chemotherapy be added to the RT in patients with unfa-
vorable LGG to improve their progression free survival.

Keywords Low grade glioma - Guidelines -
Chemotherapy - Treatment - Temozolomide - PCV

Abbreviations

LGG Low grade glioma

RT Radiation therapy

PFS Progression free survival
OS Overall survival

T™Z Temozolomide

PCV Procarbazine, lomustine or CCNU, vincristine
ACNU Nimustine

MTD Mean tumor diameter
AEDs  Anti-epileptic drugs
GTR Gross total resection
STR Subtotal resection

PR Partial resection
RTOG Radiation therapy oncology group

Chemotherapy rationale

The main focus of these guidelines is on the supratentorial
WHO 1I gliomas, which include only WHO 1I astrocytomas,
oligodendrogliomas and mixed oligoastrocytomas, in patients
older than 18 years of age. [1] Conventional treatment of Grade
II gliomas consists of extensive surgical resection, if possible,
followed by observation or radiation therapy. Recently, there
has been interest in adding chemotherapy as an early treatment.
This interest is based on several reports that have demonstrated
the high rate of response of anaplastic oligodendrogliomas [2,
3]. Historically, for WHO Grade II gliomas, chemotherapy has
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been explored mainly in the management of recurrence or
progression of the disease and less frequently as the first line of
therapy soon after histological diagnosis is made.

Given the increased routine use of molecular classifi-
cation, it may be possible to identify (1) the group of
patients that should be considered for initial chemotherapy
treatment, (2) those chemotherapeutic agents that are the
most beneficial, (3) the duration of treatment administra-
tion, and (4) whether chemotherapy should be given alone,
in combination with RT or not at all.

Given this evolving appreciation of the value of
chemotherapy for newly diagnosed LGG a comprehensive
search and evaluation of the available and relevant litera-
ture was carried out in an attempt to formulate guidance for
treatment of these lesions and to identify areas that require
additional studies.

Chemotherapy methodology

To answer the questions described above, a comprehensive
systematic literature review was performed. The search
strategy is documented in the methodology paper for these
guidelines series written by Olson et al.

Literature review

The following databases were searched from January
1990 to December 2012 using low-grade glioma and
surgery relevant search MeSH and non-MeSH search
terms: PubMed (National Library of Medicine, http://
www.ncbi.nlm.nih.gov) was searched using Endnote®
(Thomas Reuters, Inc. http://www.endnote.com). The
keywords used during our search in the medical literature
search engines cited above are documented in Table 2.
Manual searches of the included article’s bibliographies
were also conducted.

Article inclusion and exclusion criteria

For literature to be included for consideration, studies
published in full as peer review papers had to meet the
following criteria:

e Be published in English.

e Involve patients with newly diagnosed WHO grade 2
astrocytoma, oligo-astroctyoma, or oligodendroglioma.

e Involve adult patients (age over 18) or provide isolated
results for adult patients in a mixed cohort.

e Fully published, peer-review articles.

e The number of study participants with newly diagnosed
LGG was at least 5 for each study arm.
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e Use of chemotherapy after diagnosis of LGG has been
made.
e Supratentorial LGG only.

Study selection and quality assessment

After an extensive search, more than 1739 articles were
found. The duplicates from the search in different data-
bases were eliminated. By reviewing the titles and/or
abstracts, we excluded all articles referring to anaplastic
gliomas or glioblastomas, those discussing exclusively
chemotherapy in patients younger than 18 years of age,
glioma of the spine, optic nerve, brain stem and/or poste-
rior fossa. We excluded as well those publications that
discussed exclusively chemotherapy used for treatment of
recurrent/progressive  LGG and all articles discussing
experimental therapy in animal tumor models. The
remaining 101 articles underwent full text review. Only 13
articles met all of the inclusion criteria and were used in
formulating these evidence-based clinical guidelines
(Table 2). The majority of the remaining 88 articles that
underwent full review were excluded because they reported
the use of chemotherapy at recurrence or progression
together with its use for the initial treatment and with
results that were not separable, and the remainder because
they lacked significance for our topic.

Evidence classification and recommendation levels

Both the quality of the evidence and the eventual strength
of the recommendations generated by this evidence were
graded according to a three-tiered system for assessing
studies addressing diagnostic testing as approved by the
American Association of Neurological Surgeons (AANS)/
Congress of Neurological Surgeons (CNS) Joint Guidelines
Committee on criteria.

Conflict of interest

Low Grade Glioma Guidelines Task Force members were
required to report all possible COIs prior to beginning work
on the guideline, using the COI disclosure form of the
AANS/CNS Joint Guidelines Committee, including
potential COIs that are unrelated to the topic of the
guideline. The CNS Guidelines Committee and Guideline
Task Force Chair reviewed the disclosures and either
approved or disapproved the nomination. The CNS
Guidelines Committee and Guideline Task Force Chair
may approve nominations of Task Force Members with
possible conflicts and address this by restricting the writing
and reviewing privileges of that person to topics unrelated
to the possible COls.

Table 1 Search strategy

Search strategy

1 Low grade glioma.mp.

2 <exp> Glioma/

3 <exp> Oligodendroglioma/

4 <exp> Astrocytoma/

5 lor2or3or4

6  <exp> Chemotherapy/

7 Sand6

8 Limit 7 to (human, English language, year 01/01/1990—Current)
PubMed search strategy Number of References

1 “Low grade glioma”[All Fields] 966

2 Glioma [MeSH] 60,419

3 Oligodendroglioma [MeSH] 3140

4 Astrocytoma [MeSH] 25,916

5 1 OR2 OR 3 OR 4 60,688

6 Drug Therapy [MeSH] 1,045,820

7 5 and 6 5295

8 Limit 7 to English 4835

9 Limit to Humans 4156

10 Limit 8 to 1/1/1990-2/28/2014 3723

11 Limit 9 to All Adults (19 + years) 1739

Keywords and the search strategy that was used for our review on
MEDLINE/OVID, Embase and Cochrane Database of Systematic
Reviews. “Current” refers to 12/31/2012

Chemotherapy scientific foundation

The use of chemotherapy as the initial treatment for
patients with newly diagnosed LGG is controversial. LGG
are slow growing tumors and the goal of treatment is to
improve symptoms and prolong progression free survival
(PFS) and overall survival (OS) [4]. Different groups have
reported on the efficacy of chemotherapy for LGG. How-
ever, in our review, we found that the literature is com-
plicated because the vast majority of the studies that have
reported on the effects of chemotherapy include a mix of
Grade I and II gliomas, grade II and III gliomas, pediatric
and adult patients, or infra- and supratentorial low grade
gliomas, and newly diagnosed and recurrent tumors. These
mixed patient populations limit the ability to quantify the
impact of chemotherapy in our target population, which are
adults with newly diagnosed supratentorial LGG (WHO II
glioma). In addition, the majority of the studies that have
examined the effect of chemotherapy on LGG have
focused on its use at the time of recurrence or progression.
We found very few studies that met our criteria regarding
the use of chemotherapy alone as frontline treatment for
LGG (Table 1). Several other studies were excluded from
our review, even though they intended to report on the use
of chemotherapy as initial treatment for newly diagnosed
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LGG because the length of time from the diagnosis was
made to the time when the chemotherapy was started. For
example, Murphy et al. [5] reported that the chemotherapy
was started up to 44 months after initial diagnosis, Hoang-
Xuan and colleague, reported starting chemotherapy up to
108 months after the diagnosis was made [6], and in a
publication by Peyre et al., the time delay from initial
diagnosis and the start of the chemotherapy ranged from
0.1 to 13 years [7]. These studies may be difficult to
interpret given the possibilities of selection bias and con-
cerns for changes in tumor biology or malignant
transformation.

Another difficulty in evaluating the literature published
on adjuvant chemotherapy for LGG consist in the inability
to separate the results of patients that are treated after
having undergone partial or subtotal resection of the tumor
versus those that undergone biopsy alone. It has to be
underlined that there has been only one published
prospective randomized trial evaluating the role of
chemotherapy in newly diagnosed LGG so far [8]. In their
publication, Shaw et al., discussed short-term follow up
results of the RTOG 9802 trial [8]. As discussed in the
appropriate section below, even this trial did not study the
efficacy of the chemotherapy as the only adjuvant treat-
ment in LGG versus other treatments, and it was focused in
evaluating the role of chemotherapy when added to radia-
tion therapy as compared to RT alone in patients of a
certain population diagnosed with LGG.

Given the opportunity for effective salvage treatment
with radiation (if not given frontline) or alternative
chemotherapy regimens, in defining the role of initial
chemotherapy in newly diagnosed LGG, we considered
PFS in addition to OS as relevant indicators of treatment
effect.

Is there a role for chemotherapy as adjuvant
therapy of choice in treatment of patients with newly
diagnosed low-grade gliomas?

Ten studies met our inclusion criteria in answering the
question of whether there is a role for the use of
chemotherapy alone as initial treatment for newly diag-
nosed LGG, although none were randomized. All of the
studies provide class III evidence.

Ricard et al. evaluated the natural progression of low
grade gliomas and the impact of temozolomide (TMZ) on
tumor diameter changes [9]. They evaluated the mean
tumor diameter (MTD) changes of 146 patients with LGG
before, during and after TMZ treatment with serial MRIs.
They included adult patients with confirmed histological
diagnosis of LGG after central review. In the first group, 39
patients were evaluated before, during and after treatment
with TMZ. These 39 patients had at least 4 consecutive
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MRIs with a median follow-up of 3.6 years (range 1 to
9.2 years) before initiation of TMZ. One hundred seven
patients, included in the second group, were evaluated only
during and after treatment with TMZ. Standard dose of
TMZ was used: 200 mg/m? orally on days 1-5 of 28 days
cycle for a mean of 17 cycles (2-30 cycles). Before
treatment with TMZ, the MTD increased linearly overtime.
The growth was slower in tumors harboring 1p/19q co-
deletion (3.4 vs. 5.9 mm/year) and in those that did not
express p53 (4.2 vs. 6.3 mm/year; p < 0.05). After starting
TMZ, the authors reported that there was a decrease in
MTD in 38/39 patients of the first group and in 98/107 of
the second group. These changes were calculated on at
least 4 consecutive MRIs. In the group demonstrating a
decline in the MTD, the decrease was linear and was half
of the pretreatment growth rate (9.2 vs. 4.7 mm/year).

The authors defined complete radiologic response as the
complete disappearance of all tumors on T2W MRI or
FLAIR sequences at 8 weeks. Partial response was defined
as more than 50 % reduction in the size (by cross-sectional
area), minor response was defined as 25-50 % reduction in
size and progressive disease was defined as more than
25 % increase in size of the tumor. Twenty patients
achieved a partial radiological response, 45 achieved a
minor response, and 35 had tumor stabilization, whereas 7
had tumor progression. Clinical improvement was
observed in 68 (63.5 %) patients, whereas 34 (31.8 %)
were clinically stable, and 5 deteriorated. Among those
with objective response, the decrease of MTD after starting
the TMZ was immediate in 77 patients and delayed by a
median of 116 days (48-206) in 21 patients. After a
median of 367 days (95 % CI 290-403; range
98-756 days), in 36 of 98 patients, tumor regrowth was
noticed. The risk of regrowth was significantly greater in
patients without 1p/19q co-deletion (60.6 vs. 16.6 %;
p < 0.0004). TMZ was discontinued in 25 patients because
the clinician believed that the patient had received the
optimal course of TMZ. The majority of these tumors
resumed their progressive growth within 1 year. The
authors concluded that untreated LGG grow continuously
on an almost predictable fashion and this is influenced by
their genetic alterations. TMZ reverses this pattern at onset,
but this effect does not last. Furthermore they conclude that
the majority of the tumors will resume their growth when
treatment is discontinued.

Lebrun and colleagues retrospectively reviewed their
institutional experience in treating 33 patients with low
grade oligodendrogliomas that had undergone partial
resection and chemotherapy [10]. None of these patients
underwent RT. Chemotherapy regimen was as follows:
PCV (Lomustine, Procarbazine, Vincristine) in 6 week
cycles for 6 cycles. Lomustine 110 mg/m” on day 1,
Procarbazine 60 mg/m® on days 8-21 and Vincristine
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1.4 mg/m? (maximum 2 mg) on days 8 and 29 in cycles of
6 weeks for a maximum of six cycles. Chemotherapy was
started at a mean of 2 months after the surgical procedure.
They reported a PFS of more than 30 months (median not
reached at the time of the report). The survival rate at 2 and
5 years was 85 and 75 % respectively. The PFS rate at
1 year was 90 %. Clinical response (defined as a reduction
of seizure frequency) was observed in 81 % of the patients.
They concluded that upfront PCV treatment could be used
in symptomatic patients with low-grade oligodendroglioma
that cannot undergo GTR to postpone RT and prolong PFS.

Stege et al., reviewed their single institution experience of
treating 21 patients with LGG with PCV (16 newly diagnosed
and 5 recurrent low grade oligodendroglioma) [11]. Large or
multilobar tumors that would have required large radiation
volumes were considered for chemotherapy at the time of
diagnosis and RT was deferred. Nine of the patients with
newly diagnosed tumor had gliomatosis cerebri. Of the 16
patients with newly diagnosed tumors, 3 had a partial radio-
logic response (defined as 50 % decrease in the size of the
lesion) and 10 a minor response (defined as less than 50 %
reduction in tumor size). Median time to progression was not
reached at 24 months follow up. The authors reported
improvement in seizure frequency. They concluded that
chemotherapy is effective in patients with large low grade
oligodendroglioma or mixed oligoastrocytoma. However, this
retrospective review did not report on the timing of starting the
chemotherapy after surgical intervention or diagnosis.

Another single institution, prospective, nonrandomized
study of 18 adult patients with LGG was reported by
Higuchi and colleagues [12]. Five patients who underwent
GTR underwent observation only with serial MRIs. Twelve
patients that underwent STR or biopsy only received
chemotherapy immediately after surgical procedure, and 1
patient refused treatment. The treatment regimen consisted
of ACNU 75 mg/m? for day 1, vincristine 1 mg/m? on days
8 and 29 and procarbazine 100 mg/day for days 8-21 for 4
cycles a year for 2 years. They estimated the tumor
response to chemotherapy using MRI classifying patients
as responders when there was more than a 50 % reduction
in tumor volume, and non-responders if there was more
than a 25 % increase in tumor volume and no change in all
other situations. There were seven responders and the
remaining 5 were categorized as having no change in tumor
size. The authors reported that 94 % of the LGG tumors
could be controlled without RT during a median follow up
of 4.7 years. The authors concluded that chemotherapy can
be used safely to control PFS and OS in patients under-
going partial/subtotal surgical resection or biopsy alone.
Furthermore, they stated that surgical resection and
chemotherapy for residual tumor is an adequate initial
treatment of low-grade oligodendroglioma, permitting
delay of RT until tumor progression or recurrence.

In a phase II trial of PCV for LGG, Buckner and col-
leagues evaluated the efficacy of chemotherapy in treat-
ment of 28 patients with low-grade oligodendroglioma and
oligoastrocytoma that had undergone biopsy or subtotal
resection only [13]. Patients that had undergone GTR were
not eligible. This was a prospective non-randomized phase
II trial. Chemotherapy was started 3—12 weeks after sur-
gery and repeated every 8 weeks for 6 cycles. Ten weeks
after completion of chemotherapy, or earlier if there was
evidence of tumor progression, RT was started. All patients
had histologic confirmation by central review. Twenty-five
of the 28 patients had both baseline and pre-irradiation
MRI scans available for central review. Radiologic
assessment after chemotherapy showed objective response
in 8 patients, disease stability in 17 and tumor progression
in 3. The authors stated that the response rate to initial
chemotherapy observed by the clinicians was 29 % (95 %
CI 13-49 %). However, in this study patients received the
“intensive” PCV regimen (Procarbazine 75 mg/m?* PO on
day 8-21, Lomustine 130 mg/m? PO on day 1, Vincristine
1.4 mg/m? IV on day 8 & 29. This regimen was repeated
every 8 weeks for total of 6 cycles.) The conclusion of this
phase II study was that PCV produces tumor regression in a
meaningful proportion of patients with LGG, but toxicity
consisting of grade 3 and 4 thrombocytopenia and leuco-
cytopenia, pulmonary histiocytosis and neurotoxicity
(lethargy and peripheral neuropathy), with the intensive
PCV regimen was significant.

Two studies have exclusively evaluated the benefits of
chemotherapy in treating the symptoms caused by the
LGG. Sherman and colleagues evaluated the impact of
TMZ on seizure control in patients with LGG [14]. This
was a retrospective review of patients with LGG that pre-
sented with new onset of seizures. There were 39 patients
in the treatment group and 30 in the control group. In the
treatment group, patients underwent surgical resection or
biopsy and then started chemotherapy, whereas patients in
the control group did not receive chemotherapy after the
surgical procedure. The authors did not report the extent of
tumor resection, including the number of patients that
underwent GTR. Twelve (28 %) of patients in the treat-
ment group and 14 (47 %) in the control group experienced
complete seizure control following treatment with AED.
Five (13 %) patients in the treatment group had no
improvement in seizure control as compared to 12 (40 %)
in the control group despite manipulation of anti-epileptic
drugs (AED). There was a greater than 50 % improvement
in seizure control with and without AEDs in 23 (59 %) of
patients in the treatment group and only in 5 (13 %) of
patients in the control group. Seven (18 %) of these
patients in the treatment group experienced greater than
50 % seizure control compared to none in the control
group. The authors concluded that TMZ treatment appears
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to lower the seizure frequency in a subset of patients with
LGG. However, the interpretation of these results is limited
because the timing when the TMZ was started after sur-
gical intervention was not reported. Furthermore the rea-
sons why the patients in the control group did not receive
chemotherapy were not provided. In another study Frenay
et al. reported on the efficacy of chemotherapy in con-
trolling the symptoms in patients with LGG [1]. This was a
single institution, retrospective review of 10 patients with
unresectable fibrillary astrocytoma. All 10 patients under-
went biopsy prior to starting chemotherapy and none were
treated with RT. Chemotherapy was started 2—-4 months
after the biopsy. They reported that there was no tumor
progression with a mean follow up of 6.5 years. All 10
patients experienced improvement of aphasia (if present)
and seizure control (reduction of seizure frequency in 3
patients, resolution of seizures in 4 patients). They reported
that there was evidence of radiologic response in 6 patients.
The authors concluded that in patients with refractory
epilepsy, caused by unresectable grade II astrocytoma,
adjuvant PCV can improve the neurological status and first
line chemotherapy may allow postponement of RT. The
study did not have a control arm, limiting the conclusions
regarding efficacy.

Olson and colleagues performed a retrospective review
to evaluate the benefit of adjuvant therapy for LGG. One
hundred and six patients fulfilled inclusion criteria [15].
Nineteen underwent GTR, 41—subtotal resection (STR),
28 underwent only a biopsy and 18 were diagnosed based
on radiologic criteria only. Patients underwent different
treatment modalities: 20 underwent RT, 12 received
chemotherapy (PCV 14, carmustine 1 and cisplatin 1), 6
received chemoradiation and 68 did not undergo any
adjuvant treatment. Recurrence was diagnosed in 72
patients after a median of 6 years. Median time to pro-
gression (MTTP) was 3.9 years for observation patients,
5.7 years for RT patients, 5.5 years for chemotherapy
patients and 8.6 years for patient treated with
RT + chemotherapy. The authors concluded that the tim-
ing and treatment modality (Observation, RT, chemother-
apy or chemoradiation) did not appear to affect progression
or survival. As such a judicious approach was suggested for
the management of these patients and withholding treat-
ment until necessary was advised. Furthermore, the authors
recommended that since the toxicities due to chemotherapy
were acute, but overall reversible, unlike the RT induced
toxicities that are delayed and irreversible, chemotherapy
may be preferable as initial therapy.

Iwadate et al. prospectively followed 36 patients with
oligodendroglioma and mixed glioma [16]. Patients that
underwent GTR (n = 15) did not undergo adjuvant

@ Springer

treatment until the time of recurrence or progression.
Patients that had a STR underwent PVA treatment (ACNU
75 mg/m* day 1, Vincristine 1 mg/m* on days 8 and 29,
procarbazine 10 mg/day on days 8-21, 4 times/year) for
2 years. Chemotherapy was started within 12 weeks of
surgery. PFS at 5 and 10 years was 75 and 46.9 %. No
significant difference was found in PFS between the 2
groups. The authors concluded that the best way to treat the
LGG is to attempt the greatest possible surgical resection
without neurological deterioration followed by simple
observation. Furthermore they concluded that those
patients who do not undergo GTR may benefit from
addition of chemotherapy within 12 weeks of surgery.

Nakamura et al., reported a retrospective experience
from a single institution study that did not find clear evi-
dence that addition of chemotherapy to RT had any benefit
in treatment of LGG [17]. Eighty-eight patients were
included in this study. The chemotherapy regimen was a
combination of ACNU and vincristine that was adminis-
tered intravenously during RT and for 2 cycles thereafter at
5 weeks interval. Forty-three patients underwent radical
resection and 45 underwent subtotal resection. After sur-
gery 52 patients received RT alone, 14—received
chemotherapy combined with RT and 22 did not receive
either RT or chemotherapy. Median PFS for all patients
was 5.9 years with the PFS rate at 5 and 10 years of 45 and
7 %, respectively. Median overall survival was 8.5 years
for patients that received postoperative RT and 7.6 years
for the 14 patients that received chemotherapy with RT.
The patients who underwent radical resection without
adjuvant therapy had a median overall survival of
5.1 years. Chemotherapy was used in combination with RT
and not alone. The report does raise questions about the
selection criteria for treatment of individual patients and
this impacts the interpretation of these results. For exam-
ple, could the decision to give 14 patients chemotherapy
with radiation have been based on worse molecular, his-
tological and imaging characteristics?

In summary, with the acknowledged limitations of the cited
studies reporting control of tumor growth, prolonging PFS,
OS and improving symptoms, there is level III support for the
use of chemotherapy as a treatment option for the newly
diagnosed LGG. In addition, several studies have suggested
using chemotherapy as initial treatment for LGG alone in
order to postpone RT treatment [1, 9, 10, 11, 12, 15, 16].

Who are the patients with newly diagnosed LGG
that would benefit the most from chemotherapy?

Studies to definitively answer this question do not exist. In
the 13 studies that met our inclusion criteria, initial adjuvant
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chemotherapy either alone or in combination with RT was
limited to patients who did not undergo radiologic con-
firmed GTR (Table 2). Therefore, the role on chemotherapy
in all patients with LGG cannot be ascertained. Shaw and
colleagues published data from the RTOG 9802 trial, a
prospective randomized study, where they reported on the
recurrence rate following neurosurgeon-determined gross-
total resection of adult supratentorial low-grade glioma
[18]. Patients were divided in 2 different risk groups based
on age and neurosurgeon-determined extent of resec-
tion. The favorable group included all patients with age
<40 year-old that underwent GTR, and the unfavorable
group included patients of >40 years of age that had
undergone any amount of resection of the tumor and the
patients <40 years of age that had undergone less than
GTR. One hundred eleven patients in the favorable group
were followed with serial MRIs after surgical resection and
did not undergo any additional therapy. We would like to
underline that even though the assignment of patients in
each of the two groups was based on neurosurgeon-deter-
mined post-operative amount of resection, the results and
the conclusions were reported after considering the radio-
logic-determined residual disease on post-operative MRI.
Median follow up duration was 4.4 years. There were 8
deaths due to disease progression and 49 patients had tumor
progression. Overall survival at 2 and 5 years was 99 and
93 %, respectively and PFS at 2 and 5 years were 82 and
48 % respectively. For the remaining 253 patients deemed
to have unfavorable LGG, OS at 2 and 5 years was 87 and
66 % (p < 0.0001) and PFS was 73 and 50 % (p < 0.13).
The latter patients were randomized to receive either RT
alone or RT with PCV (RTOG 9802 trial). Median PFS was
4.9 years for the favorable (observation) group and
5.5 years for the unfavorable group. Ninety-eight of 111
patients of favorable group underwent post-operative
imaging evaluation of sufficient quality to determine the
amount of residual disease. Although all these patient were
declared to have undergone GTR by neurosurgical report,
post-operative imaging showed that 58 of 98 patients
(59 %) had a residual disease of <1 cm in all directions as
measured on T2 and FLAIR MRI sequences, 31 (32 %) had
a residual of 1-2 cm and 9 (9 %) had >2 cm residual dis-
ease. The authors identified 3 factors that were predictive of
poorer OS: preoperative tumor diameter larger than 4 cm,
histologic diagnosis of astrocytoma or mixed oligoastro-
cytoma and radiologic-determined post-operative residual
of >1 cm. Extent of radiologic-determined surgical resec-
tion correlated with progression, as the recurrence rate was
26 % in patients with <1 cm postoperative residual, 68 % if
1-2 cm postoperative residual and 89 % if residual tumor
was >2 cm. The authors of this study concluded that
patients in the favorable risk group with radiologic-deter-
mined post-operative tumor residual of <1 cm, presenting

@ Springer

diameter of <4 cm and histologic diagnosis of oligoden-
droglioma can be observed after initial surgery, but all other
subsets of patients in the study-defined “favorable LGG risk
group” should still be considered for additional treatment as
are the patients in the unfavorable risk group. This study did
not specifically address the role of chemotherapy alone in
LGG, but it provides some insights for considering which
patients should undergo adjuvant therapy after post hoc
reassessment and recombination of the randomized groups.
Furthermore, this article underlined that neurosurgeon-de-
termined amount of resection status should be validated by
post-operative imaging prior to decide on post-operative
treatment plans.

Are there tumor markers that can predict those
patients that benefit the most from initial treatment
with chemotherapy?

Stege and colleagues studied 21 patients with oligoden-
droglioma, 16 of which were newly diagnosed [11]. All 16
patients only underwent a biopsy followed by PCV treat-
ment. The tumor 1p/19q status of these patients was
determined and they reported that even patients without 1p/
19q deletions responded to chemotherapy. The authors
asserted that although the response duration seemed shorter
in the tumors with intact 1p and/or 19q, and relatively more
“true” partial responses were observed in patients with loss
of 1p/19q that in the other patients, the small number of
patients studied prevents further conclusions.

As mentioned earlier, Ricard et al. evaluated the impact
of TMZ on natural growth of LGG diameter [9]. They
found that TMZ alters the growth pattern of LGG. Fur-
thermore they reported that TMZ effects were brief in
tumors that carried p53 mutation and those that do not
harbor 1p/19q co-deletion.

Buckner and his group in evaluating the efficacy of PCV
as initial therapy in 28 adult patients with low grade
oligodendroglioma and mixed oligoastrocytoma found that
the loss of 1p and 19q was not associated with better
response to treatment [13].

Iwadate et al., studied 36 adult patients with diagnosis of
LGG in a prospective, but not randomized study [16].
Twenty-one patients who underwent subtotal resection or
partial resection received initial adjuvant chemotherapy
and 15 patients that underwent GTR were observed and
underwent chemotherapy treatment only at the time of
progression (5 patients). Twenty-three patients from the
entire cohort had tumors with 1p/19q co-deletion. PFS of
these patients was 121 months, but was not significantly
different from those with tumors without 1p/19q co-dele-
tion (101 months). The authors concluded that the outcome
of all the patients with LGG was generally favorable irre-
spective of 1p/19q status. This report, however, did not



J Neurooncol (2015) 125:585-607

605

relate patient outcomes to both 1p19q status and the use of
chemotherapy.

In conclusion, one article suggested that patients with
1p/19q co-deletion showed better response to temozolomide
[9]. The majority of the other retrospective studies that used
PCV or PAV regimen suggested that LGG response to
chemotherapy is irrespective of 1p/19q status [11, 13].

In a single institution, retrospective study, Okita and
colleagues, evaluated the predictive value of IDH1 and
IDH2 mutations in patients with LGG treated with adjuvant
therapy [19]. Seventy-two adult patients underwent surgi-
cal resection and biopsy for diagnosis and then treated with
RT (58 patients), of which 46 received chemotherapy as
well. None of these patients received chemotherapy alone.
They found that patients with tumors with IDH1/2 muta-
tions that were treated with adjuvant chemoradiation had
longer PFS (9.3 years) that those treated with RT alone
(3.1 years) (p < 0.01). In contrast, there was no difference
in PFS in patients with wild type IDH whether they
received adjuvant chemoradiation treatment or not.

In summary, the data regarding the use of 1p19q co-
deletion to determine treatment is inconclusive. Okita’s
study [19], however, provides class III data regarding the
predictive value of IDH mutations that is intriguing but
requires additional investigation and validation.

How soon should the chemotherapy be started
once the diagnosis of LGG is confirmed?

The timing of initiating chemotherapy after surgery has
been quite varied. Shaw and colleagues, in the RTOG 8902
trial, reported starting the chemotherapy within 12 weeks
after surgical resection in patients who also were under-
going radiation therapy [8]. The same timeframe was
reported by Iwadate et al. [16]. and Buckner et al., (range
3-12 weeks) [13]. Frenay and colleagues started adjuvant
therapy 8-16 weeks after the tumor biopsy [1]. Lebrun
et al. reported that the adjuvant therapy was started at a
mean of 2 months after surgical procedure (range
0.5-9 months) [10]. Because none of these studies have
addressed directly the timing of starting adjuvant
chemotherapy in LGG, definitive recommendations cannot
be given. However since the majority of the studies
reported starting chemotherapy within 12 weeks from the
surgical procedure, it appears reasonable to suggest this as
the maximal timeframe for initiation of adjuvant
chemotherapy in newly diagnosed LGG.

What chemotherapeutic agents should be used
for treatment of newly diagnosed LGG?

There are no studies that have directly compared different
regimens or agents as the initial treatment of newly

diagnosed LGG. As outlined in Table 2, the majority of the
studies have used PCV (Procarbazine, Lomustine and
Vincristine) [1, 8, 10, 11, 13, 15], and a few have used
TMZ [9, 14, 19, 20]. Few other studies have used ACNU,
vincristine and procarbazine regimen [12, 16, 17, 19].

What is the optimal duration and dosing
of chemotherapy as initial treatment for LGG?

We did not find any reports that had evaluated the differ-
ence in efficacy and toxicity of different duration of
specific chemotherapeutical agents’ regimens in newly
diagnosed LGG that fulfilled our inclusion criteria. Hence,
insufficient evidence exist regarding the duration of any
specific cytotoxic drug regimen for treatment of newly
diagnosed LGG.

Pouratian and colleagues retrospectively studied the
toxicity of the protracted, low dose of TMZ in the dose
dense schedule of 75 mg/m%/d for 21 days in a 28 days in
distinction to the standard dose and schedule of TMZ
(200 mg/m?/d for 5 days of a 28 days cycle) [20]. Twenty-
five patients (15 after initial diagnosis and 10 at time of
recurrence) with histologically confirmed diagnosis of LGG
(11 underwent biopsy and 14 underwent STR) were inclu-
ded. Three patients were changed to standard dose of TMZ
due to intolerable side effects and 3 other patients stopped
chemotherapy earlier due to tumor progression. Objective
response was seen in 52 % of all patients and the disease
control rate was 84 %. The PFS rate at 6 and 12 months was
92 and 74 % respectively. In the newly diagnosed patient
group, none achieved a complete response; partial response
was seen in 3, minimal response in 6, stable disease in 3 and
progression in 3. Toxicity consisted of fatigue, lymphope-
nia, constipation, nausea, electrolyte value alteration,
vomiting, arthralgia, herpes zoster infection, secondary
malignancy (diffuse large B cell lymphoma), cognitive
disturbance and leucopenia. The authors concluded that
protracted low dose schedule of TMZ is advantageous
because provides increased cumulative drug exposure, but it
changed the toxicity profile. They suggested that patients
can be started on protracted low dose of TMZ and then
changed to the standard dose when the former regimen is
not tolerated. As this was a non-comparative study, more
randomized trials are needed to confirm the efficacy of the
protracted regimen before it is a treatment recommendation.
Furthermore as the authors point out this regimen would
increase the cost of treatment.

There has been another study that has evaluated the
difference in efficacy and toxicity of 2 different dosing
regimens of PCV in patients with LGG, but this study did
not fulfill our inclusion criteria because did not report
separately the outcome of patient with newly diagnosed
LGG from other patients’ groups [21].
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Should chemotherapy be given in conjunction
with RT or alone as initial therapy for LGG?

We did not find any study that has compared initial
chemotherapy treatment of LGG with RT alone or com-
bined chemoradiation. Hence no recommendations can be
given whether chemotherapy alone is better than RT alone
or combined chemoradiation in initial treatment of LGG,
although as mentioned earlier, several studies have sug-
gested using chemotherapy as initial treatment for LGG
alone and postpone RT treatment [1, 9, 10, 11, 12, 15].

Should chemotherapy be given in addition to other
types of adjuvant therapies to patients with newly
diagnosed LGG?

Shaw et al. reporting the initial results of RTOG 9802 trial
studied RT alone versus chemotherapy combined with RT,
in patients with newly diagnosed LGG [8]. In this trial,
patients were divided in 2 prognostic groups based on
neurosurgeon-determined amount of resection; favorable
LGG group that included only patients less than 40 year-
old that had undergone neurosurgeon-determined gross
total resection (GTR) and unfavorable LGG group that
included all the other patients, those patients less than
40 years of age that had undergone only subtotal or partial
resection, or biopsy only of the tumor, and all patients older
than 40 years of age with any extent of resection. The
focus of the trial was to evaluate the potential benefits of
adding PCV to conventional radiation therapy (RT) as
compared to RT alone in the unfavorable group of LGG
patients. Two hundred fifty-one patients were randomized
in 2 groups. At the time of the initial publication, median
survival in RT + PCV group was not reached (>8.5 years)
as compared to 7.5 years in patients that received RT
alone, but this did not reached statistical significance.
Progression free survival (PFS) at 2 and 5 years was 74 and
63 % respectively for patients in the RT 4+ PCV group and
75 and 46 % respectively for patients in the RT alone.
Although the initial analysis did not demonstrate a survival
benefit, a post hoc analysis demonstrated that among
patients surviving beyond the 2-year mark, the combined
treatment had an improvement in progression free survival
over RT alone. Interestingly, overall, patients surviving to
2 years were more likely to have had a more complete
resection as defined by radiology studies, and oligoden-
droglial histology. The authors speculated that perhaps this
is the subset of the patients that may benefit from
chemoradiation therapy. The primary analysis, although a
prospective randomized study, does not provide support for
early use of chemoradiation. However, the post hoc anal-
ysis with recombining of groups from the original study
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does provide class II evidence supporting early use of
chemotherapy with RT.

Olson and colleagues, showed that median time to
progression (MTTP) was 3.9 years for observation
patients, 5.7 years for RT, 5.5 years for chemotherapy and
8.6 years for chemoradiation patients [15]. None of the
treatment regimens was statistically better than the others.
They concluded that the type of the adjuvant treatment did
not appear to affect MTTP or overall survival.

The same observation came from the study by Naka-
mura and his group, that in a retrospective study of 88 adult
patients with low grade astrocytoma stated that patients
that received chemotherapy combined with RT did not
have better overall survival when compared to patients that
received RT alone [17].

Instead, Okita and colleagues found that adjuvant
chemotherapy added to RT had a positive effect on PFS
and OS in patient with LGG and IDH mutation when
compared to patients that received RT alone [19]. However
in patients with wild type IDH, the addition of
chemotherapy to RT did not impact PFS and/or OS.

In the single arm phase II study by Buckner et al., 28
adult patients received chemotherapy alone within
12 weeks of surgery followed by RT 10 weeks after
chemotherapy. Eight patients had a radiologic response,
disease stability in 17 and immediate progression in 3 [13].

In summary, addition of chemotherapy to RT may be of
benefit to patients with newly diagnosed LGG. However it
appears that the use of chemotherapy combined with RT
may benefit more those patients with IDH mutation, but
this finding requires additional studies for confirmation.

Conclusions

Despite the large number of publications that have exam-
ined the role of chemotherapy in treatment of newly
diagnosed LGG, class I evidence providing definitive
treatment guidelines is lacking.

Key points for future investigation

Currently, while recognizing their limitations, the existing
publications can be used to consider treatment options, but
more importantly, to frame the important questions for
future clinical trials (Table 2). There is a need for well-
designed prospective randomized clinical trials to evaluate
the role and efficacy of chemotherapy alone in newly
diagnosed LGG as compared to observation, RT alone or
combination of RT and chemotherapy. Furthermore, these
studies need to define the optimal treatment regimen and
timing of starting the chemotherapy, based on patient
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clinical parameters, tumor histologic and molecular char-
acteristics and extent of tumor resection. Given the overall
good prognosis for patients with LGG, treatment evalua-
tions need to provide long-term determination of treatment-
related effects so that risk to benefit analyses can be
utilized.
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